inhalation injury is ideal to model ARDS. In fact, this model mimics human ARDS secondary to multiple trauma and airway damage. Although inhalation injury alone represents a significant clinical problem, it is not as severe as the combined injury and may not always progress to ARDS (39, 50) . We have studied each injury alone and in combination and noted that the latter produces a much more significant insult, such as a higher degree in pulmonary shunting and a greater fall in Pa O 2 / FI O 2 (43) .
On a molecular level, nitric oxide (NO) and reactive nitrogen species (RNS) are involved in this pathogenesis, leading to multiple organ dysfunction or even failure (30, 41) . Currently, three different nitric oxide synthase (NOS) isoforms have been identified, all of which are able to produce NO under normal circumstances. In the presence of systemic inflammation and oxidative stress, however, the inducible enzyme, i.e., iNOS (NOS-2), is upregulated and produces large amounts of NO. We have previously reported that iNOS plays a critical role in the pathogenesis of acute lung injury (ALI) resulting from smoke inhalation and thermal injury (15, 44, 48) , and that iNOS inhibition attenuates systemic transvascular fluid flux, pulmonary edema, and pulmonary shunting (14, 44) .
In response to combined burn and smoke inhalation injury, however, only about one-half of total NOS activity is derived from iNOS, suggesting that the other half is produced by the constitutive isoforms (cNOS), namely neuronal NOS (nNOS; NOS-1) or endothelial NOS (eNOS; NOS-3) (48) . The latter isoenzyme was first detected in vascular endothelial cells and plays an important regulatory role in loco-regional tissue perfusion (8, 9) . In this context, it is noteworthy that activity and protein expression of eNOS are not affected by burn and smoke inhalation injuries (13, 21) . Conversely, previous studies suggested that nNOS may significantly increase its activity in response to cellular stress, thus playing a critical role in the pathogenesis of ALI (13) . Interestingly, nNOS inhibition in sheep with pulmonary dysfunction resulted in lower iNOS mRNA compared with untreated animals, suggesting that nNOS activation may be the trigger for iNOS induction and the inflammatory cascade (48) .
While nNOS was first discovered in neuronal tissue (7) , later studies provided evidence that it is also present in the airway and bronchial glands (17) . The formation of NO in the lung results in the loss of hypoxic pulmonary vasoconstriction (HPV) that, in turn, leads to ventilation/perfusion mismatching and subsequently poor oxygenation. In a recent study by Westphal et al. (52) , it was shown that the loss of HPV in sheep with ALI can be prevented by inhibition of nNOS-derived NO. The exact molecular mechanisms, however, remained to be determined.
We hypothesized that nNOS represents an early and central enzyme involved in inflammatory signaling leading to pulmonary damage following combined burn and smoke trauma, and that selective nNOS inhibition blocks pulmonary damage on a molecular level. The aim of the present study was, therefore, to identify the molecular biological mechanisms by which selective nNOS inhibition attenuates pulmonary dysfunction resulting from combined burn and smoke inhalation injury. These objectives were tested in an established and clinically relevant ovine model that closely mimics the pathophysiology of human fire victims (43) .
MATERIALS AND METHODS
This study was approved by the Animal Care and Use Committee of the University of Texas Medical Branch. All the animals were handled according to the guidelines established by the American Physiological Society and the National Institutes of Health.
Animal Model
Surgical preparation. Twenty-five female sheep (33 Ϯ 1 kg) were surgically prepared for chronic study under halothane anesthesia using an established protocol (31) . The right femoral artery and vein were cannulated with Silastic catheters (16 gauge, 24 inches; Intracath, Becton-Dickinson Vascular Access, Sandy, UT). In addition, a thermodilution catheter (Swan Ganz model 131 F7; Baxter, Edwards Critical-Care Division, Irvine, CA) was introduced through the right jugular vein into the pulmonary artery. Another catheter (0.062 inches ID, 0.125 inches OD; Durastic silicone tubing DT08, Allied Biomedical, Paso Robles, CA) was positioned in the left atrium for pressure monitoring. A right-sided thoracotomy at the fifth-interspace was performed, and an efferent lymphatic from the caudal mediastinal lymph node was cannulated (Silastic medical grade tubing 0.025 inches ID, 0.047 inches OD; Dow Corning, Midland, MI) by a modification of the technique of Staub et al. (45) . The systemic contribution to the caudal mediastinal lymph node was ligated, and the systemic diaphragmatic lymph vessels were cauterized through a ninth-interspace thoracotomy incision. The incision sites were infiltrated with 2% lidocaine to minimize postoperative pain, and the wounds were closed. During the postoperative period, Buprenex (0.3 mg iv; Butler Animal Health Supply, Dublin, OH) was administered as needed for pain treatment. The animals were given 5-7 days to recover from the surgical procedure; meanwhile, they had free access to food and water.
Burn and smoke inhalation injury. Just before the injury, a baseline (BL) measurement was performed. Thereafter, sheep were randomly allocated to one of the three study groups: an uninjured, untreated sham group (sham, n ϭ 7), an injured control group with no treatment (control, n ϭ 7), or an injury group treated with 7-nitroindazole (7-NI, n ϭ 7). In addition, four sham-operated animals were subjected to 7-nitroindazole to judge the effects in health. A tracheostomy was performed under ketamine anesthesia (Ketanest; Fort Dodge Animal Health, Fort Dodge, IA) in all animals. Thereafter, a cuffed tracheostomy tube (10-mm diameter; Shiley, Irvine, CA) was inserted into the stoma, and general anesthesia was continued using halothane as the anesthetic. In addition, a urinary bladder catheter (Dover, 12-14 Fr; Sherwood Medical, St. Louis, MO) was placed and a BL urine sample was taken. Animals allocated to the control and 7-NI groups were then subjected to a 40% total body surface area third-degree burn using a Bunsen burner and 4 ϫ 12 breaths of cotton smoke inhalation as described previously (44) . In this context, it is important to note that as the injury becomes full thickness (third-degree), it constricts.
Because this area no longer has blood flow, it is blanched. Only when this was the case, the investigator moved to a new area for injury. As the edge of the burn was reached, a sheet of stainless steel was placed so the burn was within the bounds of the demarcation. It was always insured that the burn was third-degree. The latter is essential for the welfare of the animals, since third-degree burns are painless due to the destruction of the epidermis, dermis, and nerve endings in the skin (28) .
Carboxyhemoglobin (COHb) levels were determined after each set of smoke inhalation and served as an indicator of injury immediately after smoke inhalation (23) . In the sham groups, room air was insufflated into the tracheal tube instead of cotton smoke. At the end of the burn and smoke inhalation injury, the animals were allowed to wake up. Before awakening, the sheep received Buprenex (0.3 mg iv; Butler Animal Health Supply) to explicitly exclude any discomfort. Apart from general anesthetics not being needed, it is noteworthy that they may even have compromised hemodynamics. If there were any signs of discomfort, pain medication was provided unhesitatingly. Postinjury, Buprenex (0.3 mg iv, Butler Animal Health Supply) was given every 12 h for 2 days and subsequently as needed, depending on the judgment of the investigator.
Experimental Protocol
For this survival study, all animals were maintained on mechanical ventilation (Servo Ventilator 900C; Siemens-Elema, Solna, Sweden) throughout the entire 24-h experimental period as reported previously (49) . During the first 3 h after injury, the inspiratory O 2 fraction (FIO 2 ) was maintained at 100%, and the respiratory rate was maintained at 30 breaths/min. Then, settings were adjusted according to blood gas analyses to maintain arterial O 2 saturation above 90% and PaCO 2 at 30 mmHg. Resuscitation was performed with lactated Ringer solution according to the Parkland formula (4 ml/kg/% burned total body surface area for 24 h) (4). However, within the first 8 h postinjury, sheep received one-half of the total fluid to avoid a drop in cardiac output.
The 7-NI groups received a continuous intravenous infusion of the specific nNOS inhibitor 7-NI (1 mg · kg Ϫ1 ·h Ϫ1 Sigma-Aldrich, St. Louis, MO) given from 1 h postinjury (or sham injury) to the end of the 24-h study period. To have the same fluid balance for all three groups, the amount of the 7-NI infusion was subtracted from the quantity of the Ringer solution.
Hemodynamic and Oxygenation Variables
Cardiopulmonary hemodynamics, blood gases, and acid-base balance were determined as described previously in detail (26) . Vascular pressures were measured using pressure transducers (model PX-1800; Baxter, Edwards Critical-Care Division) connected to a hemodynamic monitor (model 78304A; Hewlett-Packard, Santa Clara, CA). All hemodynamic measurements were made in awake animals in the standing position. Zero calibrations were taken at the level of the olecranon joints of the front legs of the sheep. Cardiac output was measured by the thermodilution technique using a cardiac output computer (model COM-1; Baxter, Edward Critical-Care Division). A 5% dextrose solution was used as the indicator.
Blood gases and acid-base balance were measured using a blood gas analyzer (model IL 1600; Instrumentation Laboratory, Lexington, MA). Arterial and mixed venous blood gas results were corrected for the body temperature of the sheep. Oxyhemoglobin saturation and carboxyhemoglobin concentration were analyzed with a CO oximeter (model IL 482, Instrumentation Laboratory).
Lung Tissue Analyses
At the end of the 24-h study period, all animals were killed under deep ketamine anesthesia (15 mg/kg Ketanest; Fort Dodge Animal Health, Fort Dodge, IA) using 60 ml of saturated potassium chloride intravenously. Immediately thereafter, a necropsy was performed, and lung tissue samples were harvested for the subsequently described immunological, molecular biological, and histopathological investigations. Samples were either kept in formaldehyde solution or stored in cryo vials at Ϫ80°C until use.
Plasma and Serum Samples
Blood was sampled under sterile conditions at specific time points. It was then centrifuged and frozen for biochemical analysis at a later time point as described below.
Determination of NOS Activity
Total NOS activity was measured in lung tissue using a commercially available NOS activity assay kit (Cayman Chemical, Ann Arbor, MI) and evaluated as a conversion of [
14 C]arginine (Amersham Biosciences, Pittsburgh, PA) to [
14 C]citrulline as described previously (10) .
Measurements of Plasma Supernatant Nitrates/Nitrites
The concentration of nitrate/nitrite (total amount of NO metabolites) in plasma was measured intermittently using a chemiluminescent NO analyzer (7020, Antek) and was recorded by dedicated software as the NO content using an established protocol (51) .
Malondialdehyde Formation in Lung Homogenates
Malondialdehyde (MDA) formation was utilized to quantify the lipid peroxidation in the lung and measured as thiobarbituric acid reactive material. Lung tissue MDA levels were quantified with a commercially available assay (Northwest Life Science Specialties, Vancouver, WA). The level of lipid peroxides was expressed as MDA per milligram of protein, measured by a commercially available assay (Fluka BioChemika, Buchs, Switzerland) (41).
Western Blot Analysis for 3-Nitrotyrosine
For the determination of pulmonary 3-nitrotyrosine concentrations (3-NT), a reliable biomarker of peroxynitrate formation in vivo, homogenized tissue samples were analyzed using the Western blot technology as described previously in detail (25) .
Immunohistochemistry Analysis for Poly(ADP-Ribose)
For the determination of poly(ADP-ribose) polymerase (PARP) activity, seven representative tissue sections of each animal were evaluated. Using immunohistochemistry, poly(ADP-ribose ϭ PAR), the enzymatic product of PARP, was assessed (2). Immunohistological stainings were analyzed by densitometry as described previously (5).
Western Blotting for p65 (Rel A, Subunit of NF-B)
For the determination of the heterodimeric transcription factor p65, tissue samples were homogenized preserving the nuclear extract that contains p65. Thereafter, the nuclear extract was processed for Western blot analysis for p65 using an established protocol (40) .
ELISA for IL-8
Detection of IL-8 in the lung lymph was accomplished with a sandwich ELISA consisting of K221, a human monoclonal antibody that cross-reacts with sheep IL-8 (53) as the capture antibody and goat polyclonal anti-human IL-8 (R&D Systems, Minneapolis, MN) as the second antibody. The sandwich was detected by HRP-conjugated donkey anti-goat IgG (Jackson Laboratories). The lower detection limit for this assay is ϳ20 pg/ml (38) .
Lung Myeloperoxidase Activity
The activity of myeloperoxidase (MPO), an indicator of neutrophil accumulation, was determined directly in whole lung homogenates. MPO concentrations were evaluated on homogenized right lung with a commercially available assay. One unit of enzyme activity was defended as the amount of MPO present that caused a change in absorbance at 450 nm for 10 min. MPO activity was reported as U/g tissue (CytoStore, Calgary AB, Canada) (22) .
Measurement of Tracheal Blood Flow
Tracheal blood flow was determined using colored microspheres. Approximately 5 million microspheres with a diameter of 15.0 Ϯ 0.1 m were injected into the left atrium at BL (preinjury), 3, 6, 12, 18 , and 24 h, while reference blood was withdrawn from the femoral arterial catheter at a constant rate of 10 ml/min. The lower part of the trachea just above the carina (to which blood is supplied only by the bronchial artery) was harvested to quantify tracheal blood flow (37) .
Airway Obstruction and Histopathological Score
The lower lobe of the right lung of each animal was excised and inflated with 10% formalin. Airway obstruction was quantified using a standardized protocol. Additionally, histopathological changes of the right lower lung lobe were analyzed, as described by Cox et al. (12) .
Pulmonary Function
Pulmonary peak and pause pressures were measured at BL, 3, 6, 12, 18, and 24 h postinjury. In addition, the Horowitz Index (Pa O 2 /FIO 2 ratio) was determined and shunt blood flow (Qs/Qt) calculated using a standard shunt formula.
Statistical Analysis
Data are expressed as means Ϯ SE, if not otherwise specified. GraphPad Prism was used for statistical analysis (18) . After obtaining normality for all measurements using the Kolmogorov-Smirnov test for goodness-of-fit to normal distribution, a two-way ANOVA for repeated measurements with group and time as factors was applied. In case of significant group differences over time, appropriate post hoc comparisons (Bonferroni) were performed. The differences of COHb levels between groups were calculated using Student's unpaired t-test. For all statistical tests, an ␣-error probability of P Ͻ 0.05 was considered as statistically significant. Fig. 1 . Mean total NOS enzyme activity and iNOS enzyme activity in lung tissue at death 24 h postinjury in pmol · mg protein Ϫ1 · min Ϫ1 Ϯ SE in the sham, control, and 7-nitroindazole (7-NI) groups. Within each group, the left column represents total NOS enzyme activity and the right column iNOS enzyme activity.
RESULTS

Injury and Survival
There were no differences between groups at baseline. Arterial COHb plasma levels measured immediately after the fourth set of cotton smoke insufflation were similar between the control group and the 7-NI group (76.0 Ϯ 6.9 vs. 73.4 Ϯ 7.7%; P ϭ 0.8), confirming a consistent injury. In comparison, sham animals had arterial COHb concentrations of 5.9 Ϯ 0.4%. With aggressive fluid challenge strictly following the Parkland formula, all sheep survived the 24-h study period.
NOS Enzyme Activity in Lung Tissue
Albeit not statistically different, total NOS activity was doubled in injured control animals compared with the sham group. NOS activity of the injured group treated with 7-NI was similar to those of sham animals (sham vs. 7-NI P ϭ 0.6, control vs. 7-NI P ϭ 0.3; Fig. 1 ).
NOx Plasma Levels
NOx plasma levels increased significantly over time in the injured control group, peaking 12 h postinjury (16.4 Ϯ 4.1 mol/l). NOx plasma concentrations were significantly higher in the injured control group compared with sham animals (6.4 Ϯ 0.9 mol/l; P Ͻ 0.05). NOx levels of the 7-NI group did not differ from those of the sham group, but were statistically different to the control group, indicating the blockage of NO production by 7-NI (8.4 Ϯ 1.1 mol/l; control vs. 7-NI P Ͻ 0.05).
MDA Lung Tissue Concentration
Lung tissue MDA concentration was almost threefold higher in the injured control group compared with the sham group and significantly reduced in the 7-NI group ( Fig. 2A) .
3-NT Lung Tissue Content
The injured control group had a significantly higher lung tissue 3-NT concentration than the sham group. The pulmonary 3-NT content in the 7-NI group, however, was significantly lower than in the control group, but not statistically different from the sham group (Fig. 2B) .
PARP Activation
Combined burn and smoke inhalation injury was associated with a significant increase in PARP activation in airway, pulmonary glands, alveoli, and pulmonary vessels compared with the sham group. This activation was significantly reduced in animals allocated to the 7-NI group (Fig. 3) .
Presence of p65 (Rel A) in the Nuclei of Lung Parenchymal Cells
A significantly increased amount of p65, a subunit of NF-B, was found in the control group compared with sham animals. 7-NI infusion significantly inhibited nuclear p65 levels (Fig. 4A) .
IL-8 Protein Concentration in Lung Lymph (Transvascular Fluid)
The combination injury was linked to a three-to fourfold increase in IL-8 lung lymph concentrations between 12 and 24 h postinjury. Infusion of 7-NI markedly attenuated this response (Fig. 4B) .
MPO Activity in Lung Tissue
MPO enzyme activity was significantly higher in the injured untreated control group (5.7 Ϯ 0.7 U/g tissue) compared with animals allocated to the sham group (2.8 Ϯ 0.2 U/g tissue; P Ͻ 0.01). In injured animals treated with 7-NI, MPO was signif- icantly lower compared with the control group (3.9 Ϯ 0.2 U/g tissue; P Ͻ 0.05).
Tracheal Blood Flow
In the untreated control group, tracheal blood flow was significantly increased after burn and smoke inhalation compared with the uninjured sham group. However, this increase was significantly attenuated by 7-NI treatment (Fig. 5) .
Airway Obstruction and Histopathology Score
Whereas there was little evidence of airway obstruction in the sham group, the injured control group was characterized by a fivefold and twofold obstruction of bronchi and bronchioles, respectively. Continuous iv infusion of 7-NI significantly reduced the degree of injury in bronchi. Similarly, the histopathological changes induced by the injury were alleviated by 7-NI (Fig. 6, A-C) .
Airway Pressures
The peak and pause airway pressures were stable in shamoperated animals, but were significantly increased in the control group from 12 h postinjury until the end of the experiment. In contrast, a significant reduction of airway pressures was observed in the group treated with 7-NI compared with the control group (Fig. 7, A and B) .
Pulmonary Function
In this study, Qs/Qt was significantly increased in the control group from 18 h after injury and was accompanied by a reciprocal decrease in Pa O 2 /FI O 2 ratio compared with sham animals. 7-NI limited pulmonary shunting and the drop in Pa O2/FIO2 ratio noticed in the control group (Fig. 8, A and B) .
Hemodynamic Variables
Hemodynamic variables were similar among groups, except for an increase in mean pulmonary artery pressure in control animals at 24 h postinjury (P Ͻ 0.05 vs. sham) and a transient increase in CI in the sham group (P Ͻ 0.05 vs. control and 7-NI at 3 h postinjury). Notably, none of the hemodynamic variables of the sham group treated with 7-NI were significantly different from the untreated sham group (Table 1) .
DISCUSSION
The present study investigated the molecular biological effects of nNOS inhibition in the common setting of combined burn and smoke inhalation injury using an established and clinically relevant ovine model of ALI (14, 41) . The major findings were that nNOS-derived NO was identified as a precursor of RNS, subsequently activating PARP and contributing to inflammatory signaling via the NF-B pathway. This study clearly shows that nNOS activation plays an early and central role in the pathophysiology of ALI resulting from combined burn and smoke inhalation injury. Postinjury infusion of the selective nNOS inhibitor 7-NI inhibited the inflammatory cascade, as demonstrated by a 40% and 30% decrease in IL-8 and MPO lung tissue concentrations compared with the injured control group. These molecular changes were linked to significant attenuation of pulmonary dysfunction typically seen in our large animal model of combined burn and smoke inhalation injury (43) . As such, pulmonary tissue damage and airway obstruction were significantly attenuated and associated with less pulmonary shunting and improved gas exchange vs. untreated controls.
Considering that there are more than 1 million fire victims in the U.S. alone (16) and that such injury is associated with an unacceptably high morbidity and mortality, both further understanding of the underlying pathophysiology and the evaluation of innovative treatment strategies are essential to improve outcome in the future (34, 42) . In this context, it is noteworthy that the ovine model used in the present study creates an inflammatory response that is similar to the one noted in burn patients (11) . Another important feature of this model is that the hemodynamic stability allows for invasive cardiovascular monitoring for many hours. Evidently, the ovine animal model has substantially contributed to the investigation of combined burn and smoke inhalation injury (19, 24, 26, 27, 36) . For this study, we have chosen a 24-h period, since our aim was to identify the molecular mechanisms resulting within 1 day after combined burn and smoke inhalation injury. Since we hypothesized that nNOS-derived NO plays a key role in the pathogenesis of pulmonary dysfunction in this model, it was an additional objective to determine the value of selective nNOS inhibition when started early in the course of the disease.
There are several molecular mechanisms involved in the pathophysiology of ALI that are of specific interest. In the present study, we measured NOS enzyme activity and noticed that in injured, untreated controls, total NOS activity including nNOS, was almost doubled compared with both sham animals and the injury group treated with 7-NI. Although the raise in total NOS activity was not statistically different among groups, the total NOS level almost doubled in the injured control group compared with the sham group. Notably, total NOS in the 7-NI group was similar to, or even lower than, that of sham animals. One reason for the lack of significance in the NOS data could be that the measurement of NOS at 24 h postinjury was already too late in the time course and that the peak of total NOS activity including nNOS was already missed. Since the peak plasma concentration of nitrate/nitrite occurred at 12 h, total NOS activity could have been at its maximum before.
As previously reported (15, 52) the IC 50 for iNOS inhibition is not reached in sheep treated with 7-NI in a dose of 1 mg·kg Ϫ1 ·h Ϫ1 . In this regard, it is also important to note that arterial blood pressure and systemic vascular resistance remained unchanged in response to 7-NI infusion (data shown in Table 1 ), thus making in vivo inhibition of eNOS and iNOS unlikely (6). 7-NI was also given to healthy, uninjured sham animals, and all of the hemodynamic variables obtained were not different from the untreated sham group. This finding is in line with the assumption that the nNOS inhibitor used for this study caused no obvious adverse effects (Table 1) .
In the present study, administration of 7-NI inhibited not only nitrate/nitrite production, but also the formation of RNS. It is of note that excessively produced NO typically reacts with ROS, such as superoxide, deriving from NADPH oxidase and neutrophils. By degradation of polyunsaturated lipids, ROS in turn contribute to MDA formation, a reactive aldehyde caus- ative for cellular stress (55) . In this context, it is another interesting finding of the present study that MDA was markedly increased in control animals compared with the sham and the 7-NI group. Superoxide may also react with NO, thereby leading to peroxynitrite production, a potent oxidant and key mediator of NO-mediated tissue injury (46) . When excessive amounts of NO and subsequently ONOO Ϫ are present, nitrosylation of the amino acid tyrosine occurs in the cell plasma, reflecting cellular and tissue damage by ONOO Ϫ (55). In the current study, we were able to quantify 3-NT lung tissue content, the in vivo biomarker of ONOO Ϫ production (35) . In fact, the injury was associated with a significantly higher nitrosylation of the amino acid tyrosine compared with the sham group. Notably, this effect was entirely blocked in the 7-NI group. ONOO Ϫ has been identified as a potent contributor to DNA single-strand breaks (47) . DNA damage, in turn, is typically associated with upregulation of PARP, trying to reverse, or at least limit, cellular damage on the protein and DNA level (3) . To test PARP activity, the enzymatic product of PARP, i.e., PAR, was determined in the present study. The immunohistological stains showed a twofold increased PAR in the control group vs. sham animals. This effect was completely reversed by 7-NI infusion. PARP, however, may be considered a "suicide enzyme" because its activation typically contributes to cellular ATP depletion, thereby promoting cell death (20) . In this regard, we have previously shown that inhibition of PARP activity attenuates pulmonary dysfunction in ovine ALI (41) . Interestingly, PARP inhibition also resulted in reduced iNOS mRNA expression and plasma NOx levels, suggesting that PARP may be responsible for activation of iNOS and formation of ROS/RNS (30) .
PARP is also involved in inflammatory signaling via the NF-B pathway (1, 54) . Notably, NF-B plays a key role in the production of cytokines and chemokines, such as IL-8. In the present study, Western blotting for the subunit p65 (also referred to as Rel A) was fivefold increased in the control group vs. sham and was markedly reduced in sheep treated with 7-NI. We also noticed a 10-fold increase in IL-8 concentrations in pulmonary lymph in the untreated injury group compared with uninjured controls. Importantly, IL-8 concentrations were markedly attenuated in sheep subjected to 7-NI infusion. The fact that high IL-8 concentrations are typically present in the bronchoalveolar lavage fluid and lung edema fluid of patients with ALI/ARDS suggests that IL-8 is critically involved in the migration of activated neutrophils towards the lesion (32) . These activated neutrophils release degradative metabolites, such as MPO and ROS/RNS, to cause inflammatory tissue injury (33) . In our study, MPO was measured as a marker of neutrophil accumulation in lung tissue at death. Whereas MPO levels were markedly elevated in the control group compared with sham animals, it was significantly blocked in the 7-NI group.
Excessive NO production also contributes to increased tracheal blood flow, the main source of obstructive tracheobronchial cast formation. In the setting of burn and smoke injury, this obstructive pulmonary material typically leaks across the damaged microvascular barrier, thereby deteriorating gas exchange (16) . In this study, the injured control group showed significantly elevated tracheal blood flow, as well as airway obstruction, compared with sham animals. 7-NI treatment prevented these consequences by attenuating the increase in tracheal blood flow.
In the burn and smoke control group, bronchial occlusion was associated with elevated pulmonary peak and pause pressures. In addition, pulmonary shunting was more pronounced in the injured control group compared with sham animals. The increase in shunt blood flow, in turn, was inversely correlated with Pa O 2 /FI O2 ratio. All those pathophysiological changes were markedly reduced by 7-NI treatment.
This study has some limitations that we would like to acknowledge. Since this experiment was conducted in large animals, it remains undetermined whether or not early nNOS inhibition is likewise efficient in patients suffering from ALI secondary to burn and smoke inhalation. Because we aimed to investigate the molecular mechanisms of ALI in the early phase of burn and smoke inhalation injury, this study was limited to a 24-h period. Future studies should determine whether the impressive effects resulting from selective nNOS inhibition also translate into an overall reduction in mortality. Given that early 7-NI infusion is associated with a survival benefit, clinical trials are warranted.
In summary, this is the first study elucidating the molecular mechanisms by which increased nNOS activity contributes to pulmonary dysfunction in sheep with ALI. Our findings provide strong evidence that nNOS plays a central role in the pathophysiology of combined burn and smoke inhalation injury. In view of the current findings, it appears that selective nNOS inhibition represents a useful approach to attenuate the degree of pulmonary injury without obvious adverse effects.
